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Abstract A simple and convenient method to generate 4-aryl-substi-
tuted 1H-2-(trichloromethyl)-1,3-diaza-1,3-butadienes from aryl(chlo-
ro)methaniminium salts (best known as Vilsmeier–Haack reagents) and
trichloroacetamidine has been developed. These 4-aryl-1H-1,3-diaza-
butadienes are isolable, relatively stable during silica gel chromatogra-
phy, and can be crystallized. The analysis by X-ray diffraction demon-
strated that in the solid state these 1,3-diazabutadienes have an s-cisoid
conformation. The principal characteristic of these 1,3-diazabutadienes
is their reactivity towards electron-deficient acetylenes, reacting under
mild reaction conditions to produce 4-aryl-2-(trichloromethyl)pyrimi-
dines in good yields.

Key words diazadienes, cycloaddition, nitrogen heterocycles,
Vilsmeier–Haack reaction, coupling reactions, imines

1,3-Dienes containing one or two nitrogen atoms have
attracted considerable attention in organic chemistry be-
cause of their potential utility in cycloaddition reactions for
the construction of a wide variety of six-membered hetero-
cycles.1–3 Numerous examples of [4+2] cycloaddition reac-
tions of simple conjugated azadienes and their 1,2- or 1,4-
diaza-1,3-butadiene analogues have been published.4–9 Al-
though some 1,3-diazabutadienes have been used for [4+2]
cycloaddition reactions,10,11 the majority are of little value
with regard to the generation of aromatic heterocyclic com-
pounds.12–14 The reason is that the 1- or N-substituent (aryl
or alkyl group) makes the aromatization of the cycloadduct
impossible. We became interested in the generation of 1-
unsubstituted 1,3-diaza-1,3-butadienes with a dimethyl-
amino group at the 4-position, since these 1,3-diazadienes
can undergo [4+2] cycloaddition reactions with activated
dienophiles such as acetylenic esters,15 enamines,11 and
ketenes16 to produce heterocyclic derivatives. In 1996 we
reported a strategy to prepare 2-(trichloromethyl)-1,3-di-

aza-1,3-butadienes by using trichloroacetamidine and N,N-
dimethylamide dimethyl acetals.17 However, this methodol-
ogy is limited by the use of the amide acetals.18

Although N,N-dimethylformamide (DMF) and N,N-di-
methylacetamide (DMA) dimethyl acetals are commercially
available, N,N-dimethylbenzamide dimethyl acetal is highly
reactive and needs to be prepared from N,N-dimethylbenz-
amide before its use,19 making the preparation of other
N,N-dimethylarylamide acetal derivatives more difficult
due to harsh reaction conditions and difficulty in scale-
up.20 In this context, amide acetals have been known to be
powerful electrophilic reagents; their reactivity is largely
due to the existence in solution of the corresponding imini-
um forms (Scheme 1). These ions are susceptible to attack
at the central carbon by nucleophiles such as trichloroacet-
amidine to produce 1-unsubstituted 2-(trichloromethyl)-
1,3-diazabutadienes.21

Scheme 1  Methaniminium salts as electrophilic species

We were concerned that this coupling process to pro-
duce 1,3-diaza-1,3-butadienes could be incompatible with
the preparation of other 4-aryl congeners. As an alternative,
it was thought that chloromethaniminium salts,22 best
known as Vilsmeier–Haack reagents,23–25 might have poten-
tial for carbon–carbon bond-forming reactions and react in
an analogous manner with amidines to give the corre-
sponding 1H-1,3-diazadienes 4 (Scheme 1). However, aryl-
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amidines and alkylamidines are stronger bases than ammo-
nia (acetamidine pKa = 12.4),17 and they form well-crystal-
lized salts as hydrochlorides. We have not yet found
conditions to effect this reaction between amide acetals or
chloromethaniminium salts with either amidines or their
corresponding salts. Failure of the coupling reaction could
be attributed to the basicity of these amidines. Trichloro-
acetamidine (2) is a much weaker base (pKa = 6.5) and, for-
tunately, when N,N-dimethylbenzamide (1a) was converted
into the corresponding Vilsmeier–Haack reagent by treat-
ment with POCl3, followed by coupling with amidine 2 (1
equiv), 4-phenyl-2-(trichloromethyl)-1,3-diaza-1,3-butadi-
ene was formed as the corresponding salt 3a (X = OPOCl2)
(Scheme 2).

Scheme 2  Synthesis of 4-phenyl-2-(trichloromethyl)-1,3-diazadiene in 
the stable salt form 3a

Our initial studies were based on the erroneous as-
sumption that these 2-(trichloromethyl)-1,3-dienes 4
would be unstable in the free form, and that purification by
column chromatography over silica gel might not be possi-
ble because of the tendency of 4 to undergo fragmentation
reactions.26 Therefore the liberation from its salt form 3
with a base was undertaken on the expectation that 4-phe-
nyl-2-(trichloromethyl)-1,3-diaza-1,3-butadiene 4a would
be obtained in crude form. Fortunately, when this crude
1,3-diazadiene was purified by column chromatography, 4a
was obtained as a stable solid, and the best conditions for
its generation were investigated (Table 1).

The reaction was carried out with one equivalent of
chlorinating reagent and one equivalent of trichloroacet-
amidine (2). When POCl3 was used as chlorinating reagent
and Et3N as a base, 4-phenyl-1,3-diazadiene 4a was ob-
tained, but in low yield (36%) (Table 1, entry 1). An attempt
to generate this 1,3-diazadiene by using sodium acetate
failed (entry 2) and produced N,N-dimethylbenzamidine as
the only isolable product; this compound is suggested to
arise as a consequence of partial fragmentation of 4-phe-
nyl-1,3-diazabutadiene 4a. The use of other bases such as
DBU and 2,6-lutidine also resulted in poor yields of 4a (en-
tries 3 and 4). An improved yield was achieved by employ-

ing DIPEA as base (entry 5). We obtained an even higher
yield when the chlorinating reagent was changed to oxalyl
chloride and DIPEA (5.0 equiv) was used as base (entry 6). A
decrease in the amount of the base (2.2 equiv) did not cause
a substantial change in the yield of the compound 4a. Al-
though N,N-dimethylamides are often used in the forma-
tion of Vilsmeier–Haack reagents,27 we found that when the
amide was changed to a morpholide (entry 7), it gave a
slightly lower yield of the product 4j.

The methodology of the generation of 4-aryl-2-(tri-
chloromethyl)-1,3-diazabutadienes 4 was extended. The
Vilsmeier–Haack reagents were also prepared from the cor-
responding amides 1b–i by using oxalyl chloride as chlori-
nating reagent and DIPEA as base; all these 4-aryl-1,3-
diazabutadienes 4b–i, as well as 4a, were obtained as oils in
their crude form (Table 2). However, in some cases, thin lay-
er chromatography analysis showed that traces of the cor-
responding N,N-dialkylamide 1 were present in the product
mixtures. A hallmark of these 4-aryl-1,3-diazadienes 4 is
that they could be purified by column chromatography, and
after purification could be obtained as crystals (except 4d
and 4f that were isolated as oils) in good yields. To the best
of our knowledge, this is the first time that these 1-unsub-
stituted 1,3-diazadienes could be obtained as crystals ex-
hibiting prolonged stability at room temperature. We con-
sider that these yields are respectable given that no inter-
mediates were purified in the two-step reaction process
beginning with the Vilsmeier–Haack reagent.

To further confirm the proposed structure, we obtained
a single-crystal X-ray structure for compounds 4a, 4c, 4e,
4g, and 4h (Figure 1). (See supporting information). Suit-
able single crystals were obtained from hexanes–dichloro-
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Table 1  Screening of the Generation of 1,3-Diazadiene 4a

Entry R2, R3 Chlorinating 
reagent

Base 
(equiv)

Yield 
(%)

1 CH3, CH3 POCl3 Et3N (5.0) 36 (4a)

2 CH3, CH3 POCl3 AcONa (5.0) –

3 CH3, CH3 POCl3 DBU (5.0) 5 (4a)

4 CH3, CH3 POCl3 2,6-lutidine (5.0) 8 (4a)

5 CH3, CH3 POCl3 DIPEA (5.0) 74 (4a)

6 CH3, CH3 (COCl)2 DIPEA (5.0) 88 (4a)

7 (CH2CH2)2O (COCl)2 DIPEA (2.2) 75 (4j)
a Reaction conditions (see Scheme 2): 1. 1 (1 equiv), chlorinating reagent (1 
equiv), anhyd CH2Cl2, r.t. to 35 °C, 5 h; 2. 2 (1 equiv), anhyd CH2Cl2, 0 °C to 
r.t., overnight; 3. base, anhyd CH2Cl2, 0 °C.
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methane mixtures. The compounds crystallized in the
monoclinic system, the P2(1)/c space group for 4a, 4e, and
4g and the P2(1)/n space group for 4c and 4h. The molecu-
lar structure indicates that in the solid state the aryl ring
and the 1,3-diazabutadiene system have a dihedral angle
C4–C5–C3–N2 ranging from 55.6(2) to 73.4(3)° that match-
es the calculated angle between the planes (plane 1: aro-
matic ring C4 to C9, plane 2: fragment N3–C3–N2) (Table 3).
In theory, the 1,3-diaza-1,3-butadienes can exist in two iso-
meric forms with respect to the preferential arrangement of
the substituents on N1 and C2.28 Surprisingly, the X-ray
structure shows that the conformations of the 1,3-diazabu-
tadienes 4a, 4c, 4e, 4g, and 4h are s-cisoid and that the ge-
ometry of the imine group (s-cis E and s-cis Z) on N(1) de-
pends on the nature of the substituent group on the aryl
ring. When the aryl ring is substituted by an electron-do-
nating group such as the methoxy group in 4g, the interac-
tion s-cis Z between N–H and the aromatic pi electron sys-
tem becomes important. However, the direction of the N–H
bond is not oriented towards the center of the aromatic
ring. It can be seen that the distances between the hydro-
gen of the imine and the centroid calculated for the aromat-
ic ring are relatively large: between 2.948–3.395 Å. In the
case where the dihedral angle C2–N1–C1–H1 is close to
180°, the direction of the N–H bond is oriented towards the
pi electrons of the C4–C9 bond of the aromatic ring, which
is confirmed by the calculated bond distances to the cen-
troid of the bond and are in the range of 2.62 to 2.74 Å. This
conformation could possibly be favored because of hydro-
gen bonding of the NH group with the electron density of

the pi bond C4–C9 which serves as a stabilizing force for
this conformation. When the aryl ring is substituted by an
electron-withdrawing group such as nitro in 4c, the hydro-
gen of the NH group forms a hydrogen bond to the chlorine
atom, with a distance H···Cl of 2.42(2) Å and an angle N1–
H1···Cl2 of 123(2)°. In 4h the aryl ring is substituted by a
chlorine atom. The halogen is both electron-donating (by

Table 2  Synthesis of 4-Aryl-2-(trichloromethyl)-1,3-diazabutadienes 
4a–ia

Entry R2, R3 Ar 4 Yield (%) Mp (°C)

1 CH3, CH3 C6H5 4a 88 100–102

2 CH3, CH3 4-FC6H4 4b 70  67–69

3 CH3, CH3 4-O2NC6H4 4c 69 132–134

4 CH3, CH3 3,4-(CH3)2C6H3 4d 59  oil

5 CH3, CH3 2-CH3C6H4 4e 65  73–75

6 CH3, CH3 3,4-(CH3O)2C6H3 4f 66  oil

7 (CH2CH2)2O 4-CH3OC6H4 4g 52  93–95

8 (CH2CH2)2O 4-ClC6H4 4h 54 106–109

9 (CH2CH2)2O 4-CH3C6H4 4i 63 122–125
a Reaction conditions: 1. 1 (1.0 equiv), (COCl)2 (1.0 equiv), anhyd CH2Cl2, r.t. 
to 35 °C, 5 h; 2. 2 (1.0 equiv), anhyd CH2Cl2, 0 °C to r.t., overnight; 3. DIPEA 
(2.2 equiv), anhyd CH2Cl2, 0 °C.
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Figure 1  X-ray crystallographic structures of 1,3-diazabutadienes 4c, 
4g, and 4h
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the resonance effect), and electron-withdrawing (by induc-
tive effect), which results in positional disorder of the hy-
drogens on the NH group when 4h is in the solid state. Two
possible positions for the NH hydrogens were observed: in
H1a, the hydrogen formed a hydrogen bond to the chlorine
atom with a distance of 2.46(3) Å and an angle of N1–H1···Cl2
of 114(3)°. In H1b, the hydrogen interacts with the pi elec-
trons of the aromatic ring with a distance of 2.51 Å. Each
position (H1a and H1b) was assigned an occupancy of 0.5.

Also, relative energies were calculated for the s-cis Z and
s-cis E conformations of the hydrogen atom on N-1 at the
M06-2X/6-311++G (d,p) level of theory (Table 4). From
these results it is readily observable that electron-donating
groups such as the methoxy group in 4g and the hydrogen
atom itself in 4a yield a slightly more stable s-cis Z confor-
mation, whereas electron-withdrawing groups such as NO2
in 4c or Cl in 4h favor the s-cis E conformation.

Table 4  Relative Energies for Compounds 4a, 4c, 4g, and 4h at the 
s-cis Z and s-cis E Conformations [kcal/mol]

As was expected, these 4-aryl-1,3-diazadienes 4 were
very reactive in [4+2] cycloaddition reactions and reacted
rapidly, even at room temperature, when they were treated
with dimethyl acetylenedicarboxylate (DMAD) in CH2Cl2
(usually a exothermic reaction was observed) to give the 4-
aryl-2-(trichloromethyl)pyrimidines 5a–i in high yields

(Table 5) accompanied by the dialkylamine–DMAD adduct
6. Additionally, we have recently shown that these 2-(tri-
chloromethyl)-1,3-diazabutadienes 4 also react with ben-
zyne to give 4-substituted 2-(trichloromethyl)quinazolines
through benzyne [4+2] cycloaddition,26 and we have also
found that they react with ketenes, results which will be
published elsewhere.

Table 5  [4+2] Cycloaddition of 4-Aryl-1,3-diazabutadienes 4 with 
DMADa

In summary, we have developed an efficient methodol-
ogy for the preparation and isolation of 4-aryl-2-(trichloro-
methyl)-1,3-diaza-1,3-butadienes from Vilsmeier–Haack
reagents and trichloroacetamidine. The hallmark of these
4-aryl-1,3-diaza-1,3-butadienes is that they were isolated.
Density functional calculations show the changes in the
electrostatic potential of the hydrogen atom on N-1 and
how they direct the final conformation to either s-cis E or s-
cis Z depending on the electron-withdrawing capacities of
the various functional groups.

R2, R3 Ar 4 Relative energy 
[kcal/mol]

Most stable 
conformation

CH3, CH3 C6H5 4a –1.31 s-cis Z

CH3, CH3 4-O2NC6H4 4c  4.12 s-cis E

(CH2CH2)2O 4-CH3OC6H4 4g –1.43 s-cis Z

(CH2CH2)2O 4-ClC6H4 4h  1.13 s-cis E

Table 3  Angles (°) and Distances (Å) Selected for 4a, 4c, 4e, 4g, and 4h

4a 4c 4e 4g 4h

Torsion angle N5–C4–C3–N2 (°) 72.7(2) 55.6(2) 73.4(3) 60.5(2) 65.1(2)

Angle between planes (plane 1:  aromatic ring C4 to C9, 
plane 2: fragment N3–C3–N2) (°)

75.1 58.7 77.4 62.0 68.2

Torsion angle N1–C1–C2–H1 (absolute value, °) 179.4 4.8 171.6 175.0 3.1 (H1A)
178.6 (H1B)

Distance NH–centroid of ring C4 to C9 (Å) 3.291 4.065 3.395 3.100 4.039 (H1A)
2.948 (H1B)

Distance NH–centroid of bond C4–C9 (Å) 2.678 3.900 2.743 2.624 3.821 (H1A)
2.505 (H1B)
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Entry R2, R3 Ar 5 Yield (%) mp (°C)

1 CH3, CH3 C6H5 5a 88 136–137

2 CH3, CH3 4-FC6H4 5b 85 124–125

3 CH3, CH3 4-O2NC6H4 5c 96 118–119

4 CH3, CH3 3,4-(CH3)2C6H3 5d 82 140–141

5 CH3, CH3 2-CH3C6H4 5e 52  74–75

6 CH3, CH3 3,4-(CH3O)2C6H3 5f 79 178–179

7 (CH2CH2)2O 4-CH3OC6H4 5g 77 157–158

8 (CH2CH2)2O 4-ClC6H4 5h 86 139–140

9 (CH2CH2)2O 4-CH3C6H4 5i 85 153–154
a Reaction conditions: DMAD (2 equiv), 4 (1 equiv), anhyd CH2Cl2, r.t., 2–3 h.
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All moisture-sensitive reactions were carried out in oven-dried glass-
ware under an argon atmosphere. Reagents were purchased from Al-
drich and used without any further purification. Trichloroacetami-
dine was prepared from trichloroacetonitrile according to a published
procedure.29 CH2Cl2 was distilled from CaH2 under argon. NMR spec-
tra were recorded at 300 MHz (1H NMR) on a Bruker Avance 300 spec-
trometer. 1H NMR chemical shifts (δ) are reported in parts per million
(ppm) relative to Me4Si (δ = 0.0 ppm). 13C NMR signals are reported
relative to CDCl3 (δ = 77.0 ppm) as internal reference. Melting points
were measured in a Mel-Temp II apparatus and are uncorrected. Mass
spectra were recorded on a Shimadzu GCMS-QP2010 plus (EI, 70 eV).

Crystallography Data30

Data for 4a, 4c, 4e, 4g and 4h were collected on a Bruker APEX II CCD
diffractometer at 100 K for 4a, 4g, and 4h and 273 K for 4c and 4e,
using Mo-Kα radiation (k = 0.71073 Å) from an Incoatec ImuS source
and Helios optic monochromator. Suitable crystals of 4c and 4e were
glued to a glass fiber and mounted in the diffractometer, whereas in
the case of 4a, 4g, and 4h the crystals were coated with hydrocarbon
oil, picked up with a nylon loop, and mounted in the cold nitrogen
stream of the diffractometer. The structures were solved by direct
methods (SHELXS-97) and refined by full-matrix least-squares on F2
using the shelXle GUI. The hydrogen atoms of the C–H bonds were
placed in idealized positions whereas the hydrogen atoms of the N–H
moieties were localized from the difference electron density map,
and their position was refined with Uiso tied to the parent atom with
distance restraints. The hydrogen of the N–H group in 4h present po-
sitional disorder in two positions; the hydrogens were localized from
the difference electron density map and assigned occupancy of 0.5 for
H1A and H1B. The disordered aryl group in 4e was refined using ge-
ometry and distance restraints (SAME, SADI) together with the re-
straints for the Uij values (SIMU, RIGU) implemented in SHELXL; the
occupancy for the majority position is 0.863(3) and the occupancy for
the second positions is 0.137(3). The molecular graphics were pre-
pared using ORTEP, POV-RAY, and GIMP.

Computational Details
Single point calculations were carried out with the use of the
Gaussian09 suite of programs at the M06-2X/6-311++G(d,p) level of
theory with the crystal geometries as input structures. Orbital popu-
lations were analyzed under the Natural Bond Orbital (NBO) formal-
ism as implemented in the NBO3.1 program supplied with the afore-
mentioned suite.

4-Aryl-4-(dialkylamino)-2-(trichloromethyl)-1,3-diaza-1,3-buta-
dienes 4; General Procedure
Oxalyl chloride (1.0 equiv) was added dropwise at r.t. (except in syn-
thesis of 4e, where addition was at 0 °C) to the corresponding N,N-
dialkylbenzamide 1 (1.0 equiv) in anhydrous CH2Cl2 (1.0 mL/mmol 1)
under N2 atmosphere. The reaction mixture was heated at 35 °C for 5
h. Generally, a white solid was observed after few minutes. When the
reaction was finished, anhydrous CH2Cl2 was added (4.0 mL/mmol 1)
at 0 °C; usually at this temperature the solid dissolved. A solution of
trichloroacetamidine 2 (1.0 equiv) in anhydrous CH2Cl2 (1.0 mL/mmol
2) was added dropwise at 0 °C. Immediately a white suspension
formed, and the reaction mixture was stirred overnight at r.t. Finally,
DIPEA (2.2 equiv) was added at 0 °C; a pale yellow solution resulted.
CH2Cl2 (20 mL) was added and the organic phase was washed with
saturated NaCl solution, dried over Na2SO4, and concentrated in vac-
uo. The resulting crude 1,3-diazabutadiene 4 was obtained in quanti-

tative yield, usually contaminated with small quantities of starting
material as an oil that slowly crystallized. The 1,3-diazadienes 4 were
purified by flash column chromatography (silica gel, hexanes–EtOAc).
After purification, 1,3-diazadienes 4 were obtained as crystals or as
oils.

4-(Dimethylamino)-4-phenyl-2-(trichloromethyl)-1,3-diaza-1,3-
butadiene (4a)
From 1a (540 mg, 3.6 mmol), 4a was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 65:35).
Yield: 940 mg (88% ); white solid; crystallization (EtOAc); mp 100–
102 °C.
1H NMR (300 MHz, CDCl3): δ = 7.37 (s, 5 H), 3.21 (s, 3 H), 2.87 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 165.19, 165.10, 131.74, 130.05, 128.59,
127.85, 96.94, 39.99, 38.31.
MS: m/z (%) = 294 (11) [M+ + 4], 292 (25) [M+ + 2], 290 (22) [M+], 174
(67), 104 (49), 77 (100), 71 (46), 44 (67).

4-(Dimethylamino)-4-(4-fluorophenyl)-2-(trichloromethyl)-1,3-
diaza-1,3-butadiene (4b)
From 1b (390 mg, 2.3 mmol), 4b was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 7:3, then
65:35).
Yield: 500 mg (70%); white solid; crystallization (EtOAc); mp 67–
69 °C.
1H NMR (300 MHz, CDCl3): δ = 7.38–7.33 (m, 2 H), 7.14–7.08 (m, 2 H),
3.23 (s, 3 H), 2.86 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 166.29, 164.83, 163.12, 161.52, 129.74,
129.63, 128.23, 128.18, 115.88, 115.59, 97.51, 39.56, 37.83.
MS: m/z (%) = 312 (38) [M+ + 4], 310 (82) [M+ + 2], 308 (68) [M+], 193
(33), 136 (44), 123 (50), 122 (100), 121 (31), 95 (70), 75 (29), 44 (66).

4-(Dimethylamino)-4-(4-nitrophenyl)-2-(trichloromethyl)-1,3-di-
aza-1,3-butadiene (4c)
From 1c (450 mg, 2.3 mmol), 4c was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 65:35, then
6:4).
Yield: 539 mg (69%); white solid; crystallization (EtOAc); mp 132–
134 °C.
1H NMR (300 MHz, CDCl3): δ = 8.28 (d, J = 9.0 Hz, 2 H), 7.56 (d, J = 9.0
Hz, 2 H), 3.28 (s, 3 H), 2.85 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 165.53, 161.69, 148.26, 138.86, 131.07,
128.94, 123.56, 123.44, 96.97, 39.47, 37.84.
MS: m/z (%) = 339 (4) [M+ + 4], 337 (10) [M+ + 2], 335 (11) [M+], 219
(69), 173 (37), 91 (51), 71 (53), 57 (44), 44 (100), 43 (78), 41 (46).

4-(Dimethylamino)-4-(3,4-dimethylphenyl)-2-(trichloromethyl)-
1,3-diaza-1,3-butadiene (4d)
From 1d (619 mg, 3.5 mmol), 4d was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 65:35).
Yield: 660 mg (59%); oil.
1H NMR (300 MHz, CDCl3): δ = 7.17 (d, J = 9.0 Hz, 1 H), 7.09 (d, J = 9.0
Hz, 1 H), 7.05 (s, 1 H), 3.21 (s, 3 H), 2.86 (s, 3 H), 2.26 (s, 6 H).
13C NMR (75 MHz, CDCl3): δ = 166.89, 164.52, 138.47, 137.09, 129.88,
129.59, 128.43, 124.92, 97.97, 39.58, 37.74, 19.83, 19.72.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, A–H
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4-(Dimethylamino)-4-(2-methylphenyl)-2-(trichloromethyl)-1,3-
diaza-1,3-butadiene (4e)
From 1e (380 mg, 3.5 mmol), 4e was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 7:3).
Yield: 460 mg (65%); white solid; crystallization (hexanes–CH2Cl2);
mp 73–75 °C (EtOAc).
1H NMR (300 MHz, CDCl3): δ = 7.31–7.19 (m, 4 H), 3.28 (s, 3 H), 2.77
(s, 3 H), 2.31 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 165.92, 163.80, 135.74, 132.53, 130.00,
129.41, 126.47, 126.09, 97.93, 38.29, 37.24, 19.42.
MS: m/z (%) = 308 (12) [M+ + 4], 306 (17) [M+ + 2], 304 (9) [M+], 290
(62), 188 (99), 118 (43), 91 (30), 71 (100), 65 (20), 44 (31).

4-(3,4-Dimethoxyphenyl)-4-(dimethylamino)-2-(trichlorometh-
yl)-1,3-diaza-1,3-butadiene (4f)
From 1f (483 mg, 2.3 mmol), 4f was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 1:1).
Yield: 540 mg (66%); oil.
1H NMR (300 MHz, CDCl3): δ = 6.92–6.89 (m, 3 H), 3.90–3.85 (m, 6 H),
3.21–2.92 (m, 6 H).
13C NMR (75 MHz, CDCl3): δ = 164.17, 153.28, 150.07, 149.12, 120.73,
110.82, 110.63, 110.17, 97.88, 56.00, 55.84, 39.69, 37.88.

4-(4-Methoxyphenyl)-4-morpholino-2-(trichloromethyl)-1,3-di-
aza-1,3-butadiene (4g)
From 1g (520 mg, 2.3 mmol), 4g was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 65:35).
Yield: 260 mg (52%); white solid; crystallization (EtOAc); mp 93–
95 °C.
1H NMR (300 MHz, CDCl3): δ = 7.30 (d, J = 9.0 Hz, 2 H), 6.94 (d, J = 9.0
Hz, 2 H), 3.82 (m, 11 H).
13C NMR (75 MHz, CDCl3): δ = 166.69, 163.25, 160.74, 132.35, 129.23,
123.23, 114.21, 113.53, 97.42, 66.74, 55.28, 48.12.
MS: m/z (%) = 366 (14) [M+ + 4], 364 (33) [M+ + 2], 362 (31) [M+], 246
(76), 135 (100), 134 (89), 77 (32).

4-(4-Chlorophenyl)-4-morpholino-2-(trichloromethyl)-1,3-diaza-
1,3-butadiene (4h)
From 1h (520 mg, 2.3 mmol), 4h was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 65:35).
Yield: 460 mg (54%); crystals; crystallization (EtOAc); mp 106–
109 °C.
1H NMR (300 MHz, CDCl3): δ = 7.42–7.30 (m, 4 H), 3.78–3.22 (m, 8 H).
13C NMR (75 MHz, CDCl3): δ = 166.03, 161.93, 136.04, 129.73, 129.16,
129.00, 96.99, 66.65, 45.65.
MS: m/z (%) = 370 (16) [M+ + 4], 368 (31) [M+ + 2], 366 (24) [M+], 252
(34), 250 (100), 140 (29), 139 (75), 138 (76), 113 (30), 111 (44), 86
(30), 75 (29), 69 (45), 44(35).

4-(4-Methylphenyl)-4-morpholino-2-(trichloromethyl)-1,3-diaza-
1,3-butadiene (4i)
From 1i (479 mg, 2.3 mmol), 4i was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 65:35).
Yield: 500 mg (63%); crystals; crystallization (hexanes–CH2Cl2); mp
122–125 °C.

1H NMR (300 MHz, CDCl3): δ = 7.23 (s, 4 H), 3.78–3.24 (m, 8 H), 2.37
(s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 166.60, 163.34, 140.13, 129.49, 128.32,
127.53, 97.41, 66.74, 47.88, 45.27, 21.42.
MS: m/z (%) = 350 (22) [M+ + 4], 348 (49) [M+ + 2], 346 (43) [M+], 230
(96), 119 (43), 118 (100), 91 (46), 69 (29), 42 (22).

6-Aryl-2-(trichloromethyl)pyrimidines 5; General Procedure
DMAD (2.0 equiv) was added dropwise to a stirred solution of 1,3-di-
azabutadiene 4 in anhydrous CH2Cl2 (1mL/mmol 4) under N2 atmo-
sphere at r.t. (usually an exothermic reaction was observed) and the
reaction mixture was stirred 2–3 h. After this time, two products
were observed by TLC analysis (5 and the addition product of the cor-
responding dialkylamine to DMAD). CH2Cl2 (20 mL) was added and
the organic phase was washed with saturated NaCl solution, dried
over Na2SO4, and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexanes–EtOAc); this gave 5.

Dimethyl 6-Phenyl-2-(trichloromethyl)pyrimidine-4,5-dicarbox-
ylate (5a)
From 4a (530 mg, 1.8 mmol), 5a was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 622 mg (88%); white solid; crystallization (CH2Cl2–hexanes);
mp 136–137 °C.
1H NMR (300 MHz, CDCl3): δ = 7.84–7.81 (m, 2 H), 7.57–7.52 (m, 3 H),
4.05 (s, 3 H), 3.87 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 166.33, 166.30, 165.22, 163.74, 155.10,
135.48, 131.60, 128.96, 125.28, 95.68, 53.89, 53.40.
MS: m/z (%) = 392 (5) [M+ + 4], 390 (16) [M+ + 2], 388 (17) [M+], 353
(89), 272 (47), 142 (63), 127 (70), 59 (100).

Dimethyl 6-(4-Fluorophenyl)-2-(trichloromethyl)pyrimidine-4,5-
dicarboxylate (5b)
From 4b (320 mg, 1.0 mmol), 5b was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 360 mg (85%); white solid; crystallization (CH2Cl2–hexanes);
mp 124–125 °C.
1H NMR (300 MHz, CDCl3): δ = 7.88–7.83 (m, 2 H), 7.24–7.19 (m, 2 H),
4.06 (s, 3 H), 3.96 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = (CDCl3) 166.61, 166.28, 165.21, 165.08,
163.66, 155.14, 131.40, 131.28, 125.08, 116.43, 116.14, 95.58, 53.96,
53.53.
MS: m/z (%) = 410 [M+ + 4], 408 (16) [M+ + 2], 406 (16) [M+], 371 (42),
292 (50), 290 (52), 59 (100).

Dimethyl 6-(4-Nitrophenyl)-2-(trichloromethyl)pyrimidine-4,5-
dicarboxylate (5c)
From 4c (290 mg, 0.85 mmol), 5c was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 350 mg (96%); white solid; crystallization (CH2Cl2–hexanes);
mp 118–119 °C.
1H NMR (300 MHz, CDCl3): δ = 8.38 (d, J = 9 Hz, 2 H), 7.98 (d, J = 9 Hz,
2 H), 4.08 (s, 3 H), 3.90 (s, 3 H), 2.34 (s, 6 H).
13C NMR (75 MHz, CDCl3): δ = 165.55, 164.17, 163.35, 155.68, 149.52,
141.10, 130.13, 125.67, 124.04, 95.26, 54.12, 53.79.
MS: m/z (%) = 437 (3) [M+ + 4], 435 (7) [M+ + 2], 433 (6) [M+], 398 (85),
368 (83), 317 (88), 59 (100).
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2015, 47, A–H
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Dimethyl 6-(3,4-Dimethylphenyl)-2-(trichloromethyl)pyrimidine-
4,5-dicarboxylate (5d)
From 4d (390 mg, 1.2 mmol), 5d was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 590 mg (82%); a solid; crystallization (CH2Cl2–hexanes); mp
140–141 °C.
1H NMR (300 MHz, CDCl3): δ = 7.62–7.53 (m, 2 H), 7.27–7.24 (m, 1 H),
4.04 (s, 3 H), 3.89 (s, 3 H), 2.34 (s, 6 H).
13C NMR (75 MHz, CDCl3): δ = 166.56, 166.39, 165.09, 163.85, 154.87,
141.10, 137.54, 133.03, 130.23, 130.10, 126.39, 124.98, 95.80, 53.84,
53.30, 19.89, 19.86.
MS: m/z (%) = 420 (31) [M+ + 4], 418 (83) [M+ + 2], 416 (83) [M+], 382
(100), 380 (85), 140 (73).

Dimethyl 6-(2-Methylphenyl)-2-(trichloromethyl)pyrimidine-4,5-
dicarboxylate (5e)
From 4e (220 mg, 1.1 mmol), 5e was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 95:5).
Yield: 230 mg (52%); white solid; crystallization (CH2Cl2–hexanes);
mp 74–75 °C.
1H NMR (300 MHz, CDCl3): δ = 7.40–7.26 (m, 4 H), 4.06 (s, 3 H), 3.70
(s, 3 H), 2.31 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 168.95, 165.41, 164.80, 163.69, 154.78,
136.84, 134.82, 131.16, 130.43, 128.41, 126.89, 125.70, 95.65, 53.92,
53.19, 19.89.
MS: m/z (%) = 406 (2) [M+ + 4], 404 (4) [M+ + 2], 402 (4) [M+], 345 (98),
343 (100), 247 (87), 59 (79).

Dimethyl 6-(3,4-Dimethoxyphenyl)-2-(trichloromethyl)pyrimi-
dine-4,5-dicarboxylate (5f)
From 4f (406 mg, 1.1 mmol), 5f was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 408 mg (79%); yellow solid; crystallization (CH2Cl2–hexanes);
mp 178–179 °C.
1H NMR (300 MHz, CDCl3): δ = 7.47 (m, 2 H), 6.97 (m, 1 H), 4.05–3.92
(m, 12 H).
13C NMR (75 MHz, CDCl3): δ = 166.84, 165.35, 164.96, 163.84, 154.87,
152.33, 149.36, 127.89, 124.63, 122.78, 111.88, 111.14, 56.07, 55.99,
53.88, 53.47.
MS: m/z (%) = 454 (14) [M+ + 4], 452 (99) [M+ + 2], 450 (89) [M+], 447
(34), 413 (52), 59 (100).

Dimethyl 6-(4-Methoxyphenyl)-2-(trichloromethyl)pyrimidine-
4,5-dicarboxylate (5g)
From 4g (310 mg, 0.85 mmol), 5g was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 270 mg (77%); white solid; crystallization (CH2Cl2–hexanes);
mp 157–158 °C.
1H NMR (300 MHz, CDCl3): δ = 7.84 (d, J = 9 Hz, 2 H), 7.01 (d, J = 9 Hz,
2 H), 4.04 (s, 3 H), 3.91 (s, 3 H), 3.89 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 166.76, 165.42, 165.00, 163.90, 162.67,
154.98, 130.93, 127.73, 124.40, 114.51, 95.83, 55.48, 53.83, 53.40.
MS: m/z (%) = 422 (28) [M+ + 4], 420 (81) [M+ + 2], 418 (82) [M+], 383
(66), 59 (100).

Dimethyl 6-(4-Chorophenyl)-2-(trichloromethyl)pyrimidine-4,5-
dicarboxylate (5h)
From 4h (216 mg, 0.6 mmol), 5h was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 213 mg (86%); white solid; crystallization (CH2Cl2–hexanes);
mp 139–140 °C.
1H NMR (300 MHz, CDCl3): δ = 7.79–7.76 (m, 2 H), 7.52–7.49 (m, 2 H),
4.06 (s, 3 H), 3.89 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 166.15, 165.29, 165.06, 163.61, 155.24,
138.30, 133.82, 130.33, 129.34, 125.16, 95.54, 53.98, 53.58.
MS: m/z (%) = 428 (2) [M+ + 6], 426 (10) [M+ + 4] 424 (20) [M+ + 2], 422
(15) [M+], 139 (100), 111 (43), 59 (83).

Dimethyl 6-(4-Methylphenyl)-2-(trichloromethyl)pyrimidine-4,5-
dicarboxylate (5i)
From 4i (350 mg, 1,0 mmol), 5i was obtained after purification by
flash column chromatography (silica gel, hexanes–EtOAc, 9:1).
Yield: 347 mg (85%); white solid; crystallization (CH2Cl2–hexanes);
mp 153–4 °C.
1H NMR (300 MHz, CDCl3): δ = 7.73 (d, J = 9.0 Hz, 2 H), 7.32 (d, J = 9.0
Hz, 2 H), 4.05 (s, 3 H), 3.89 (s, 3 H), 2.44 (s, 3 H).
13C NMR (75 MHz, CDCl3): δ = 166.54, 166.19, 165.12, 163.83, 154.97,
142.39, 132.66, 129.76, 128.96, 124.96, 95.75, 53.89, 53.41, 21.53.
MS: m/z (%) = 406 (19) [M+ + 4], 404 (52) [M+ + 2], 402 (52) [M+], 369
(88), 367 (100), 286 (60), 140 (74), 59 (94).
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